Integrated Radio Electronics ETI 170

Solutions exercise 8 (PA & Bandgap)

1. Problem 3 from exam 01-03-06

a.  GSM:
R, =50Q P, =30dBm = 1W,_ . [ = 900MHz

Vy = J2Py R, = J100 = 10V, = 20V

Vpa =5V, U Transform 25—0 = 4 times in voltage = 16 times in impedance
Rpy = 22 =310
L
\QQQ/ L O = voltage transformation = 4
3@ C 50Q BW = L = 220MHz
1 0

L= oo 0= 0

W Wy R},
fL_Z—L:;—g:ozA Ip,=1,00=08A=1,
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Bluetooth:

R, =5Q P, ,=0dBm = ImW, f = 24GHz
V, = 2Py, R, = J01 = 032V, = 0.63V,

Vpa =5V, O Transform (% = 7.9 times in voltage = 63 times in impedance

Rp, = 50Q 63 = 3.15kQ

L
O = voltage transformation = 7.9
—_— )QQ | BW = I - MH
3.15kQ C __|L % 500 W= = 300MHz
R
L= 28 - oenn C = — = I70fF
o WL

o _ 10.002 _
[L = djq = 2PRL = T = 6.3mApk



b. GSM:

I;A = 0.8A = [, for class A operation

5
smallest v, at 5V, and V', = 3V is equal to 0.5V %/dd_ T =3-25=0. 5VD
At this instant the current is equal to 2 times /;. = 1.6A
To avoid the triode region V,; must be less than V ;= 0.5V
That is, at 0.5V overdrive the transistor must be able to sink 1.6A:

21,L 6
I,= %HCOXVZVode W o= d _ = 2.6 EO_.ZL EIIO2 — 46mm
UC, .V ,ou 110 (10 " [0.5
(This is a very large transistor!)
Bluetooth:
n 2.5V
Ip, = 3.151{’79 = 0.8mA = [,
21,L - 6
W= d _ _ 206110 _6EO.4D210 = 46pm
UC, . V,u 110 (10 " [0.5

(The width is 1000 times smaller, just like the output power)

2. Problem 9.11
a. [f the circuit has not started, the gate of M9 is at vdd potential. M9 then conducts heavily and

force current through M3 and Q1, making the circuit start. When the circuit starts current flow
through M5, M6, M7 so that the gate potential of M9 is reduced and M9 turns off.

b.

Vo= V=04V DO r7L), _, Assume V,; =3Vand Vi, = 2.7V

gs9 = (W/L)g
i
2.7V o—_ M7

M7 and M8 operate in the triode region with the same drain current:

Voo = Vg + V=04V = 0713+0.6—-0.4 = 0913V
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(Vdd Vip) WV aa =V o) = (Vg = V o)/ 2 - 06
(W7 L)s u" V1=V Weo— VG9/2




Problem 9.4
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Ligeqr and Vs i4eqr 18 the current and voltage when (3 is infinite

_ 101 1
Iy = Ligear * Vr ﬂn% +B_1DDR—1+(Vout_Videal)DR—l
_ 101 1
Iy = Ligew ¥ Vr DnEIIl+B_2DD1g_2+(V0ut VideaZ)DR_2
10 1
Vr Dl’l%l +E_1D+(Vout_Videal) Vr Dll’l%l +B_2E+(Vout_Videal)
I,=1,0 =
1 2 Rl R2

Bl = BZ = B O Verr = Vo Vldeal ==V Dln%l

Example: =100 V,,,. = =25mV Onl.1 = 2.4mV



